The effect of venipuncture on blood serum catecholamine concentrations was studied in five yearling Red Angus bulls. Treatments consisted of sampling jugular vein blood via indwelling cannulas in a squeeze chute every 10 rain for 1 h; sampling jugular vein blood from an indwelling catheter before, during and after venipuncture simulation; sampling jugular vein blood by venipuncture in a chute after shipment of 320 km to a slaughter plant; and sampling pooled blood from the neck during exsanguination at slaughter. Plasma epinephrine (E) and norepinephrine (NE) concentrations were determined by high performance liquid chromatography (HPLC) with electrochemical detection (ECD). Prevenipuncture NE and E in blood sampled from an indwelling catheter extended through a solid wall were 1.0 and .5 pmol/ml plasma, respectively. Plasma NE and E during venipuncture (1.6 and 1.1 pmol/ml, respectively) and immediately after cannulation in a squeeze chute (1.8 and 1.2 pmol/ml, respectively) were higher than prevenipuncture concentrations. Plasma NE and E, 1.9 and 1.2 pmol/ml plasma after shipment of 320 km, increased during exsanguination to 135.8 and 81.3 pmol/ml plasma, respectively. The NE and E in blood samples collected by venipuncture in a chute or box stall do not represent resting concentrations of these catecholamines.
Introduction
Catecholamine secretion is elicited by a host of physical and emotional stimuli (Frankenhaeuser, 1975 ; Kopin et al., 1978) . Bassett and Hinks (1969) reported that venipuncture substantially increased corticosteroid concentration in untrained sheep, but the immediate effect of venipuncture on ovine or bovine blood catecholamine concentrations has not been reported. Because accurate determination of resting catecholamine concentrations is a prerequisite to determining the effect of specific stressors on the release of catecholamines into blood and ~ Appreciation is expressed to C. Dreiling, C. Blincoe, Mrs. J. Jaggard and D. Albert, who assisted with this research, and to G. Blakeslee, who provided bulls. Received June 11, 1987 . Accepted December 8, 1987 their effect on other variables, a high performance liquid chromatography (HPLC) with electrochemical detection (ECD) method was modified to measure bovine plasma concentrations of norepinephrine (NE) and epinephrine (E). The effects of venipuncture, cannulation in a squeeze chute and transportation 320 km to slaughter on bovine plasma NE and E concentrations were then studied.
Materials and Methods
Five yearling Red Angus bulls with average weights of 421.6 -+ 6.8 kg were used for all treatments. In the first treatment, bulls were placed in a squeeze chute s. Integrated 1-min external jugular vein blood samples were collected via catheter 6 at 0, 10, 20, 30, 40, 50 and 60 min after insertion of the cannula.
In the second treatment, bulls were acclimated for 1 wk to plywood box stalls (2.4 m long, 2.0 m high and 1.0 m wide). The front was constructed of metal pipe. Bulls were haltered in their boxes within reach of feed and water. After acclimation, a 10-gauge needle was used to insert a polyvinyl catheter (2 mm i.d., 3 mm o.d., 3 m in length) into the right external jugular vein .50 m in the direction of the heart on the day prior to the experiment. The catheters were held in place by elastic tape 7 and The third treatment consisted of collecting blood via venipuncture in a chute immediately after shipment of the bulls 320 km to a slaughter plant. Bulls were subsequently penned together at 1700 and held in pens until slaughtered at 0800 the following morning. The fourth treatment was blood collected during exsanguination at the slaughter plant.
Each 40-ml blood sample was collected using a 50-ml polystyrene syringe and transferred to iced 50-ml polystyrene centrifuge tubes. The blood was cooled immediately on ice and centrifuged within 3 min at 4,000 • g for 10 min. Six milliliters of plasma were added to 3 ml of .4 M HC104 solution containing .5 g Na2EDTA and 1 g Na2S2Os/liter to acidify and deproteinize the plasma and prevent catecholamine oxidation. The tubes were inverted several times to ensure thorough mixing of plasma and acid. It was determined previously from added NE that catecholamine loss during protein precipitation was less than 9% when ethylenediaminetetraacetate (EDTA) and Na2S20 s were in the acid. Samples were not corrected for loss of catecholamines during the initial precipitation. The acidified plasma was stored at -20 ~ C until assayed for catecholamines. No loss of NE or E was detected over 3 mo of storage. Before extraction, duplicate tubes of acidified plasma were thawed, and internal standards of NE, E and 3,4-dihydroxybenzylamine (DHBA) were added to correct for a3Model SP 4100, Spectra-Physics, Santa Clara, CA 95051. subsequent catecholamine (DHBA) were added to correct for subsequent catecholamine loss through protein binding and oxidation. Tubes then were centrifuged at 20,000 • g for 15 min at 4 ~ C to remove denatured protein, and the supernatant fluid was refrozen. Samples were thawed a second time and centrifuged at 20,000 • g for 15 min to remove additional denatured protein. Catecholamines were quantified by modification of a procedure described by Kissinger et al. (1973) . A 1-ml aliquot of acidified plasma was added to 2.5 ml modified Krebs solution containing (mM):NaC1, 113; KC1, 4.8; CaC12 , 2.5 ; KH2POa, 1.2 ; MgSO4, 1.2 and NaHCO3, 25; .3 ml of .4 M HC104 solution (containing .5 g/liter Na2EDTA and 1 g/l Na2S2Os) 40 mg aluminaS; and 4.54 pmol 3,4-dihydroxybenzylamine (DHBA) as an internal standard. The pH was adjusted to a value between 8.55 and 8.65 with .45 ml 1.5 M Tris-C1 buffer, pH 9.0, containing 20 g Na2EDTA/ liter, vortexed for 60 s, placed in a cold room at 4 ~ C and rotated for 15 min. Supernatant fluid was removed and the alumina washed three times with double distilled water (DDW). Each wash consisted of 4.5 ml DDW added to the alumina, vortexed for 30 s and mechanically rotated for 5 min in the cold room. Care was taken to remove as much liquid as possible, following which catecbolamines were eluted from the alumina with 125/al of .1 M perchloric acid. The acid eluant was frozen at -20 ~ C until quantified by HPLC with ECD. Concentrated stock standard solutions containing NE s , E $ and DHBA s in .1 M perchloric acid were prepared and kept refrigerated. Norepinephrine and E standards were the bitartrate salts, whereas DHBA standard was a hydrobromide salt. Diluted standards were prepared in DDW immediately prior to HPLC analysis.
The alumina eluates (.1 ml) and 25, 50, 75, or 100 /al of standard solution containing 10 ng/ml of NE, E and DHBA salts were chromatographed as follows. Separation of NE and E was achieved using isocratic solvents on a Biophase ODS 5 /aM column s The solvent delivery system 9 contained 50 mM Na2HPO4, .27 mM NazEDTA, 50 mM citric acid, .26 mM octyl sodium sulfate and 5% methanol. Buffers were filtered 1~ and degassed with H. A Waters injector 11 was employed, and the electrochemical detector 12 was set at .74V. The limit of detection was approximately .05 pmol of NE and E. Peak heights were measured using a computer integrator 13. All values were cor-rected for actual recovery based on extraction of standards (NE, E, DHBA), unextracted standard curves and internal standards as described by Yamamoto and Cline (1987) .
Each blood sample was assayed in triplicate. Data were analyzed by least squares analysis of variance using SAS (1984) . Differences between blood sampling procedures were assessed using a randomized complete block design with individual bulls as blocks. Analysis of variance for NE and E included effects for treatment, sample and their interaction as sources of variation. Appropriate single-degree-of-freedom comparisons were made subsequent to a significant main effect of bleeding treatment on plasma NE and E concentrations.
Results and Discussion
The HPLC method with ECD resulted in clear separation of the NE peak from the solvent front and in separation of NE, E and DHBA from each other. Typical chromatographs of an extracted standard and a bovine plasma sample are illustrated in Figure 1 . Standard curves were consistently linear for purified standards and extracted catecholamines ( Figure  2 ). Standard curves for each catecholamine were linear to .1 pmol, concentrations below those encountered in 1 ml of acidified bovine plasma. The NE, E and DHBA standard curves had coefficients of variation of 2.3, 2.9 and 2.4%, respectively. With proper elution and injection volumes the limit of detection was .05 pmol for NE or E. This amount produced a peak height of 150, which is two to three times higher than baseline fluctuations. Bovine plasma NE and E ranged from .2 to 286.1 pmol/ml and .3 to 183.0 pmol/ml for NE and E, respectively. Standard errors of sampling averaged .008 and .007 pmol for NE and E, respectively. The amount injected following alumina extraction typically ranged from 40 to 55% of the original sample, which is well above the .05 pmol limit of detection. Use of the HPLC-ECD apparatus combined with the extraction procedure described provides a simple and highly sensitive method for the determination of NE and E in as little as 1 ml of bovine plasma.
Yearling bull NE and E in blood collected through an indwelling catheter from behind a solid wall were 1.0 and .5 pmol/ml plasma, respectively (Figure 3) . These values are similar to those reported by Lefcourt et al. (1986) , who used HPLC-ECD methodology to measure bovine plasma catecholamine concentrations.~ As in our experiment, indwelling catheters were used to collect their blood samples. The NE and E responses to venipuncture simulation are summarized in Figure 3 . Plasma NE and E during 1 min venipuncture simulation (1.6 and 1.1 pmol/ml, respectively) were higher than during the previous minute (P < .05). Norepinephrine and E concentrations subsequent to venipuncture simulation were lower (P < .05) than those collected during venipuncture. Venipuncture simulation causes an immediate increase in NE and E that appears to be short-lived, because NE and E returned to prevenipuncture concentrations within 10 min of venipuncture simulation.
It remains to be determined whether the transitory increase in catecholamines we ob-" served with venipuncture simulation in bulls affects carbohydrate metabolism and whether cattle of different emotional states have altered catecholamine responses. Epinephrine causes rapid glycogenolysis in the liver and muscle tissue (Stryer, 1981) . However, Bassett and Hinks (1969) suggest that E secretion does not mediate minor changes in blood glucose in response to venipuncture. Instead, they suggest that the increases in corticosteroid after venipuncture are responsible for increased blood glucose. Similar blood corticosteroid responses to venipuncture also have been reported in rats (Barrett and Stockham, 1963) .
Norepinephrine and E were higher in all blood samples taken in a squeeze chute (P < .05 and P < .01 for NE and E, respectively) than in blood samples taken through indwelling catheters prior to venipuncture simulation (Table 1 ). Blood samples taken in the chute immediately after insertion of cannula were not different in NE or E concentrations from those taken during venipuncture simulation. Samples taken in the chute remained elevated during the hour of sampling (Table 1 ). Blood samples collected in a chute after insertion of a cannula subsequent to behavioral stress thus will not reflect true basal concentrations of NE and E. This study indicates that catecholamine concentrations in blood sampled by walking up to an animal and performing a venipuncture were approximately double resting NE and E concentrations. Holmes et al. (1973) speculated that preslaughter disturbance or exercise caused adrenal release of NE and E in cattle leading to dark- Figure 2 . Standard curves for extracted norepinephrine bitartrate (NE), epinephrine bitartrate (E), and 3,4-dihydroxybenzylamine hydrobromide (DHBA) standard salts determined by high performance liquid chromatography with electrochemical detection. One hundred and 500 pg of injected NE, E and DHBA salts correspond to .296 and 1.482; .30 and 1.50; .454 and 2.272 pmol free base, respectively. cutting meat. Norepinephrine and E concentrations subsequent to trucking 320 kg (Table 2) were increased twofold (P < .01) over resting concentrations and were similar to those measured during venipuncture simulation and immediately after cannulation in a squeeze chute. A reason why we did not find higher concentrations of NE and E after shipment may have been due to the short half-lives of NE and E in blood. Any additional NE and E in the blood during transit may have been metabolized in the 10 min between offloading and venipuncture. Concentrations of NE and E during shipment remain to be determined using chronically catheterized animals.
Plasma NE and E (135.8 and 81 .3 pmol/ml, respectively) during exsanguination were highly elevated (P < .01). This is in agreement with Lefcourt and Akers (1982) , who noted that slaughter NE and E concentrations exceeded 10 pmol/ml plasma and that E was 1.5 times NE concentration. It is unclear whether the increased NE and E are a result of the concussion received by the captive bolt pistol prior to exsanguination and(or) the loss of blood pressure during exsanguination. Bereiter et al. (1986) reported that rapid 30% hemorrhage evoked an increase in plasma E. The rate of hemorrhage had no differential effect on hemorrhage-evoked plasma NE, but a graded increase was seen with an increasing volume of hemorrhage. Holmes et al. (1973) reported that a 16-mo-old Hereford heifer exhibited high plasma glucose and blood lactate concentrations during exercise. In addition, the heifer was excitable at slaughter and was inadvertently injured several times with a captive bolt pistol before being rendered unconscious. This animal's carcass had a high pH and was classified as a dark-cutter. In our experiment, elevated plasma NE and E at slaughter (Table 2) were not associated with dark-cutting. Forty- aBlood samples taken via venipuncture after shipment of 320 km to a slaughter plant, n for all values = 5.
bBlood samples taken during exsanguination at a slaughter plant.
C'dMeans within a column without a common superscript differ (P < .01).
eight-hour carcass pH of the five bulls averaged 5.75. Color scores averaged 4 on a scale of 1 to 8 on which 3 was dark red, 4 was moderately dark red and 5 was slightly dark red. Dark-cutters typically have a carcass pH above 6.0 with color scores of 1, 2 or 3. In most adult mammals, E is the major hormone of the adrenal medulla, and in the human it constitutes about 80% of the catecholamine output of this gland (Paxton, 1986) . Data from our study indicated that circulating bovine NE and E increase equally above resting concentrations in samples obtained by venipuncture. Lefcourt et al. (1986) reported that NE and E concentrations increase equally in response to electrical shock in cattle. The two studies thus suggest that bovine adrenal catecholamine output may consist of equal portions of NE and E. However, NE from postganglionic sympathetic nerves may contribute to circulating NE produced by the adrenal medulla.
Results of this study indicate that the HPLC-ECD method described is sensitive and specific for the determination of catecholamines in bovine plasma. This method permits a clear delineation of rapid changes in peripheral catecholamine concentrations in bulls subsequent to behavioral stressors. Venipuncture approximately doubled plasma NE and E above resting concentrations, whereas exsanguination resulted in 140-fold and 153-fold increases in NE and E, respectively.
